We present a sample of 2865 emission line galaxies with strong nebular He ii λ4686 emissions in Sloan Digital Sky Survey Data Release 7 and use this sample to investigate the origin of this line in star-forming galaxies. We show that star-forming galaxies and galaxies dominated by an active galactic nucleus form clearly separated branches in the He ii λ4686/Hβ versus [N ii] λ6584/Hα diagnostic diagram and derive an empirical classification scheme which separates the two classes. We also present an analysis of the physical properties of 189 star forming galaxies with strong He ii λ4686 emissions. These star-forming galaxies provide constraints on the hard ionizing continuum of massive stars. To make a quantitative comparison with observation we use photoionization models and examine how different stellar population models affect the predicted He ii λ4686 emission. We confirm previous findings that the models can predict He ii λ4686 emission only for instantaneous bursts of 20% solar metallicity or higher, and only for ages of ∼ 4 − 5 Myr, the period when the extreme-ultraviolet continuum is dominated by emission from Wolf-Rayet stars. We find however that 83 of the star-forming galaxies (40%) in our sample do not have Wolf-Rayet features in their spectra despite showing strong nebular He ii λ4686 emission. We discuss possible reasons for this and possible mechanisms for the He ii λ4686 emission in these galaxies.
INTRODUCTION
The ionizing continuum of stars at λ < 912Å is of major importance for interpreting emission line observations of galaxies because many of the strong lines observed in the spectra of galaxies, such as [O iii] λ5007, [Ne iii] λ3869 and He ii λ4686, have ionization potentials in excess of 13.6 eV. Despite this importance we are severely limited by interstellar absorption in observing stellar spectra in this spectral window directly (e.g. Hoare et al. 1993 ). Although we can get direct information at slightly longer wavelengths with space-based UV spectroscopy (e.g. Crowther et al. 2002) , most of our knowledge about the λ < 912Å region is based on indirect evidence, even for solar metallicity.
A promising way to indirectly obtain information on the stellar ionizing continuum is to compare emission line properties (e.g. flux, equivalent width) to predictions from photoionization codes such as CLOUDY (Ferland et al. 1998) or MAPPINGS III (Allen et al. 2008) . In practice these kinds of studies provide modest constraints on stellar atmosphere models (e.g. Crowther et al. 1999 ). However where predic-⋆ shirazi@strw.leidenuniv.nl tions of models differ significantly, this approach can yield useful information. This is the approach we will adopt in this work, where we will make use of the He ii λ4686 nebular emission line to place constraints on stellar models and in particular on the ionization mechanism for this line.
The presence of a nebular He ii λ4686 line in the integrated spectrum of a galaxy indicates the existence of sources of hard ionizing radiation as the ionization energy for He + is 54.4 eV (λ ≈ 228Å). This hard radiation can of course be produced by an active galactic nucleus (AGN), and most sources with luminous He ii emission, in a flux limited sample, are indeed galaxies with an AGN 1 . However the required hard radiation can also be provided by stellar sources and He ii λ4686 emission is frequently seen in H ii-galaxies. The line appears to be associated with young stellar populations; for instance, Bergeron et al. (1997) proposed Of stars as the sources of He iiλ4686 emission in dwarf galaxies. Subsequent discussion has mostly focused on Wolf-Rayet (WR) stars, although the distinction between these two classes is rather blurred (e.g. Gräfener et al. 2011) . Schaerer (1996, see also Schaerer & Vacca (1998) ) showed that the hard radiation field of WR stars could provide a good explanation of the nebular He iiλ4686 seen in H ii-galaxies. Guseva et al. (2000) tried to test this in a careful study of H ii-galaxies with prominent WR features. They were however unable to find WR features in 12 out of the 30 galaxies with nebular He iiλ4686 emission. The same lack of WR features in metal poor Blue Compact Dwarf (BCD) galaxies was pointed out by Thuan & Izotov (2005) . They proposed that fast radiative shocks could be responsible for this emission (see also Garnett et al. 1991) .
Similar results were reported by Brinchmann et al. (2008, hereafter B08) , who analysed a sample of strong emission line galaxies in the Sloan Digital Sky Survey (SDSS, York et al. 2000) with He ii λ4686 emission. They showed that at least at metallicities of 12 + log O/H > 8, there appeared to be a close correlation between WR features in galaxies and the presence of He ii λ4686 emission, but this appeared not to be so clear-cut at lower metallicities.
This apparent lack of connection of He ii emission with the hard UV radiation from WR stars has also been seen in spatially resolved spectroscopic studies. Kehrig et. al (2008) performed an integral field spectroscopy study for the H ii galaxy II Zw 70 and found that the region associated with nebular He ii λ4686 emission was a few arcsec offset from the region with detected WR features. More recently Kehrig et. al (2011) and Neugent & Massey (2011) have presented studies of He ii λ4686 emission in M33. Both studies find some regions with nebular He ii λ4686 emission that are not associated with WR stars (see also Hadfield & Crowther 2007 , López-Sánchez & Esteban 2010 and Monreal-Ibero et al. 2010 .
Thus a series of studies have shown that while He ii λ4686 emission frequently is found in association with WR stars, it appears not to be so in all cases, particularly at low metallicity. As mentioned above, possible additional sources of high energy photons could be X-ray binaries (Garnett et al. 1991) , strong shocks (Dopita & Sutherland 1996) , low-level AGN activity and alternative models for stellar evolution (Yoon & Langer 2005) . However the existing studies do not show clear trends that allow us to distinguish between these scenarios.
Crucially the samples in most of the previous studies have not been selected specifically to study He ii emission lines. To make progress in understanding this puzzle it is important to have as large as possible sample of He ii emitting galaxies to allow one to study the relationship between He ii emission and other physical properties. To this end we present here an analysis of emission line galaxies with strong He ii λ4686 emission in SDSS Data Release 7 (DR7, Abazajian et al. 2009 ).
In section 2 we discuss the sample selection and carefully account for AGN emission. The physical properties of the He ii emitting galaxies are discussed in section 3 and the observed He ii λ4686/Hβ ratios are compared to model predictions in section 4. In section 5 we test these model predictions and investigate whether the presence of He ii λ4686 is associated with WR features. We find that low metallicity systems frequently do not show signs of WR stars. We discuss possible explanations for this finding in section 6 and conclude in section 7.
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DATA
Our sample is based on galaxy spectra from SDSS DR7 which cover a wavelength range of 3800-9200Å. The spectra were analysed using the methodology discussed in Tremonti et al. 2004 (see also Brinchmann et al. 2004 ) to provide accurate continuum subtraction. All emission line sources were additionally analysed using the pipeline discussed in B08 to measure a wider gamut of emission lines. For each galaxy we measure 40 lines, These lines and the number of spectra that show these lines with S/N > 5.5 are summarised in Table 1 . Our concern in this paper is not to analyse a volumeor magnitude-limited sample of galaxies, we therefore do not impose a redshift cut nor a magnitude limit. Since the blue wavelength cut-off of the SDSS spectrograph is ∼ 3800Å, the [O ii] λ3727, 3729 doublet falls outside the spectral range for z < 0.02. This is a concern, because as we will see later 55% of our final sample fall in this region of redshift space and their oxygen abundances are therefore somewhat uncertain. When possible we use the [O ii] λ7318 − 7330 quadruplet Strongly star forming galaxies in the local Universe with nebular He II 4686 emission 3 instead (Kniazev et al. 2004 ), but as this is a fairly weak line and falls in a region with significant sky emission, we cannot always make use of this line.
Sample selection and classification
We select our sample requiring signal to noise ratio > 5.5 in He ii λ4686, the resulting data set is given in Table 2 2 . When the width of the He ii line is consistent with that of the strong forbidden lines, we make the assumption that it has a nebular origin. Given that He ii lines from individual WR stars typically are considerably broader than the forbidden lines in galaxies (e.g. B08), we feel this is a reasonable assumption. In addition we require a S/N> 3 in each of Hβ, [O iii] λ5007, Hα and [N ii] λ6584 emission lines to reliably classify our galaxies (Brinchmann et al. 2004, hereafter B04) . The resulting sample contains 2865 spectra with strong nebular He ii λ4686 emission. In parallel, the spectra of the sample galaxies are examined for WR signatures using the approach discussed by B08. This resulted in a total sample of 385 spectra with likely and secure WR features (Class 1, 2 and 3 from B08). While we do not discuss the sample of all WR galaxies in DR7 with Class 1-3 in detail here, we note that it intersects that of the He ii sample but is not a strict subset of it (see Table 3 ). Figure 1 shows the redshift distribution for the fraction of the He ii sample in the SDSS as a shaded grey histogram. The cut-off at z ∼ 0.4 is due to Hα falling outside the spectrograph range. The red histogram shows the redshift distribution for the fraction of just the star-forming (SF) galaxies in the SDSS showing He ii λ4686 emission (see below for a discussion of the classification). For each class we have divided the number of He ii emitting galaxies in that redshift bin by the number of similarly classified galaxies in the parent sample (SDSS galaxies that have S/N> 3 in each of Hβ, [O iii]λ5007, Hα and [N ii]λ6584 ) in that redshift bin. A constant value would therefore indicate a similar redshift distribution of the He ii sample and the parent sample. It is clear from this that full He ii sample closely follows the overall distribution of the SDSS, but that the star-forming galaxies with He ii λ4686 emission are predominantly found at low redshift. We can also see that less than 2% of all galaxies, and less than 1% of the star-forming galaxies in the SDSS DR7 show He ii λ4686 emission in their spectra.
To classify the dominant ionization source in each galaxy we follow previous studies in using the Baldwin et al. (1981, BPT) line ratio diagnostic diagram of [O iii] λ5007/Hβ versus [N ii] λ6584/Hα as our starting point ( Figure 2 ). As has been discussed extensively (e.g. Terlevich et al. 1991; Kewley et al. 2001, hereafter Ke01; Kauffmann et al. 2003, hereafter Ka03; Kewley et al. 2006; Stasińska et al. 2006) this diagram allows a separation of AGN and star-forming galaxies because of their significantly different ionizing spectra, typically leading to high [O iii] λ5007/Hβ and [N ii] λ6584/Hα when an AGN is dominating the output of ionizing photons. Ke01 used a combination of stellar population synthesis and photoionization models to compute a theoretical maximum starburst Figure 1 . The redshift distribution of the full He ii sample, relative to that of the parent sample is shown as a shaded grey histogram. The red histogram shows the redshift distribution of the He ii SF sample relative to that of all star-forming galaxies in the parent sample; the parent sample consisting of those galaxies in the SDSS DR7 having Hβ, [O iii] λ5007, Hα and [N ii] λ6584 detected at S/N> 3. In comparison with the SDSS, it is clear that the galaxies in our SF sample have a redshift distribution strongly shifted toward low redshift.
line that isolates objects whose emission line ratios can be accounted for by photoionization by massive stars (below and to the left of the curve) from those where some other source of ionization is required. Ka03 defined an empirical upper limit to the H ii region sequence of SDSS galaxies in the BPT diagram. The region lying between these two lines represents objects more naturally explained as having a composite spectrum combining H ii region emission with a harder ionizing source. As we will see later, this interpretation is further corroborated by the He iiλ4686/Hβ ratios we find for our sample.
In the present study, we adopt a two-stage classification methodology. We start out by classifying all galaxies using the BPT diagram, and we will then refine our classifications for a subset of the galaxies using detailed inspection of the spectra and the He ii λ4686 line properties. For the initial classification we adopt a similar methodology to that of B04 and use the separation criteria defined by Ke01 and Ka03 to divide galaxies into different classes. Galaxies which are distributed above the Ke01 dividing line are considered AGNs, Galaxies between the Ke01 and Ka03 limits have composite classification, which means their source of ionizing radiation could be a combination of star formation and AGN activity. Finally, galaxies below the Ka03 line have a SF classification, which as we will see might be modified subsequently. Figure 2 shows the BPT diagram for our sample, the Ke01 and Ka03 classification lines are shown as solid and dotted lines, respectively. The distribution of all emission line galaxies in the SDSS with S/N > 3 in Hβ, [O iii] λ5007, Hα and [N ii] λ6584 is shown as a grey-scale 2D distribution, where the grey-scale shows the logarithm of the number of galaxies in each bin. Blue circles show star-forming galaxies, triangles show composite galaxies and red squares mark AGNs. The grey dashed-dotted line shows the N2 The distribution of emission line galaxies in the SDSS is shown by the gray-scale 2D distribution where the grey-scale shows the logarithm of the number of galaxies in each bin. Blue circles show star-forming galaxies, triangles show composite galaxies and red squares mark AGNs. As discussed in the text, for some galaxies the classification has been adjusted which is why some objects in the star-forming region are classified as AGN. We mark these galaxies with a blue plus over the red square. While the BPT diagram is a useful classification diagram, it is not particularly sensitive to low levels of AGN contamination and some progress can be made by including lines originating in the mostly neutral ISM (e.g. Kewley et al. 2006 ). For our purposes we however need to be very confident in the lack of AGNs in our sample and we will use the He ii λ4686/Hβ ratio for this purpose.
As remarked earlier, only photons with energy in excess of 54.4 eV can ionize He + and thence produce the He iiλ4686 recombination line. If we consider single stellar population models from Starburst99 (Leitherer et al. 1999 ) at an age of 2 Myr (so that all stars are on the main sequence), we find that the integrated spectrum of this population typically contain 2-3 orders of magnitude fewer photons at this energy than at the energy required to ionize O + (35.5 eV), which is needed to produce the [O iii] λ5007 line from collisionally excited O +2 . This line is therefore a very sensitive probe of AGN activity, particularly if used in conjunction with other line ratios. We therefore make use of the He ii λ4686/Hβ vs [N ii] λ6584/Hα diagram to further refine the classification of our sources. We show this diagram in Figure 3 where the symbols and colours are the same as in Figure 2 . Note that there is generally a very significant offset between the star-forming galaxies and AGNs in this diagram, in contrast to the gradual transition in much of the BPT diagram. To make a quantitative separation, we draw a random set of star-forming galaxies from the SDSS and gradually add their emission line fluxes to that of a random set of AGNs. We quantify this by the variable f which is defined to be the fraction of the total Hβ flux comes from the AGN. The total flux is therefore f × AGNFlux + (1 − f ) × SFFlux. Changing f will trace out a path in the diagnostic diagram in Figure 3 as illustrated by the lines with colour gradients in the figure. The colouring of the lines corresponds to 1 − f , as indicated by the colour bar on the side. We repeat this process for a thousand AGN and SF objects located in different bins in the He ii /Hβ diagram.
Based on this analysis we find that there is a well defined locus where 10% percent of the He ii λ4686 flux comes from an AGN (in this case ≈ 1% of the Hβ flux comes from the AGN, see section 2.2 for further details). A good fit to this relation is given by:
which is shown as a dotted line in Figure 3 . The solid line shows a theoretical maximum starburst line, similar to the Ke01 line in the BPT diagram -we discuss this further below. Finally, we look at the spectra of galaxies that we would classify as star-forming on the basis of their location in the BPT diagram, but that are offset from the rest of the star-forming galaxies in the He ii /Hβ diagram and check whether they show AGN features such as broad Table 3 . An overall numerical summary of the He ii sample. See section 2 for a summary of the selection and classification details. See section 5 for details on the WR classification.
forming to AGN (these objects are plotted as red squares containing a blue cross in Figures 2 and 3 ). This happens for 127 (39%) galaxies. This is a conservative approach as we would exclude star-forming galaxies with strong outflows and hence a broad base to the Balmer lines for instance.
To estimate the maximum starburst line in Figure 3 , we adopted the Charlot & Longhetti (2001, hereafter CL01) models. These combine evolving stellar populations models from Bruzual & Charlot (unpublished BC00 models using Padova 1994 tracks, see Bruzual & Charlot 2003 (BC03) for the current models) with the photoionization code Cloudy (Ferland et al. 1998 ) and adopt the simple dust attenuation prescription of Charlot & Fall (2000) . The main model parameters for our calculations are the metallicity Z, the ionization parameter, U , the dust attenuation τV and the dustto-metal ratio, ξ, the model parameters used are given in Table 4 , see B04 for a more detailed discussion. We use the CL01 Single Stellar Population (SSP) models since these achieve the highest possible He ii λ4686/Hβ values. We then identify the maximum ratio reached by the different models and use this upper envelope to define the maximum starburst line shown as a solid line in Figure 3 .
This combination of classification methods means that there is not a one-to-one mapping between the location of an object in a diagnostic diagram and its final classification, as is clear from Figure 2 and 3. We also mention that we do not change classes for galaxies classified as AGNs or composites using the BPT diagram, but which fall within the star-forming region in the He ii /Hβ diagram and this is the reason why there are 7 AGN below our star-formation-AGN dividing line.
By contrasting Figure 2 and 3 we can make a couple of interesting observations. The first is that while in the BPT diagram we see a steady increase in [O iii]λ5007/Hβ with decreasing [N ii]λ6584/Hα, in Figure 3 we see no major change in He ii λ4686/Hβ with [N ii] λ6584/Hα. This indicates that He ii λ4686/Hβ and consequently the ionizing spectrum of stars at λ < 228Å vary only weakly with metallicity. The second difference between the two plots is that the He ii/Hβ diagram can separate star-forming galaxies from composite galaxies better than BPT diagram since the He ii λ4686/Hβ ratio is more sensitive to the hardness of the ionizing source than [O iii] λ5007/Hβ. We can use this to further support our supposition that the gas in the galaxies falling between the Ka03 and Ke01 lines in the BPT diagrams is ionized by a combination of stars and an AGN -while they are adjacent to the star-forming sequence in the BPT diagram they nearly all clearly separate from the star-forming sequence in the He ii /Hβ diagram, corresponding to an AGN con- tribution to He ii λ4686 > 50%. Thus referring to these as composite objects appear to be justified.
AGN contamination estimation
In view of the clear separation of the AGN and starformation branches in Figure 3 , and our sensitivity to low-level AGN contamination, it is beneficial to study the impact of an AGN on the line ratios in more detail. This has been discussed in previous studies (e.g. B04, Stasińska et al. (2006) ) but here we extend those efforts to include He ii λ4686.
We focus our attention on the BPT diagram as it is most widely used for emission line classification. We follow the same approach as in the previous section of adding gradually more of an AGN emission line spectrum with He ii λ4686 in
Parameter Range
Z, The metallicity −1 < logZ/Z ⊙ < 0.6, 24 steps U , The ionization parameter −4.0 < logU < −2.0, 33 steps τ V , The total dust attenuation 0.01 < τ V < 4.0, 24 steps ξ, The dust-to-metal ratio 0.1 < ξ < 0.5, 9 steps Table 4 . The model grid used for the present work. We calculate this both for a constant star formation history at t = 10 8 yrs as well as for an SSP.
emission at S/N> 3, to a star-forming one, and find where it intersects the Ka03 line (see bottom panel of Figure 4 ). At this point the galaxy would cease to be classified as a starforming galaxy. We repeat this for a total of 10,000 random combinations of spectra. The median AGN contribution to Hβ at the point where a galaxy ceases to be classified as star-forming is ≈ 10%. Figure 4 shows the region where a median galaxy would be classified as star-forming as the gray shaded region. On top of this we show the median trend for the fraction of flux in the indicated line as a function of the fraction of the Hβ flux coming from an AGN (shown for reference as the dashed diagonal line). We note that the exact shape and location of the [N ii]λ6584 and [O iii]λ5007 lines does depend somewhat on the AGN sample chosen but the qualitative trend remains the same.
What this figure shows, is firstly the well-known result that some lines are more sensitive to the presence of an AGN than others. As mentioned before, the Balmer lines are expected to have less than 10% contribution from an AGN, while the [N ii] λ6584 line can have more than 30% of its flux coming from an AGN, putting in question its use as an abundance indicator on its own (see also Stasińska et al. (2006) ). But for our purposes, it is more important to note that by adopting a classification based on the BPT diagram, we would classify a galaxy as star-forming even when ∼ 65% of its He ii λ4686 flux would come from an AGN.
We can now combine this with our previous result in Figure 3 , where we found that only 10% of the He ii λ4686 emission comes from an AGN in our refined star-forming sample. Applying this to Figure 4 , we conclude that less than 1% of the Hβ flux comes from an AGN and the other lines will also only have very small contributions from an AGN implying we have a quite pure star-forming sample.
Our final sample of He ii star-forming galaxies consists of 189 star-forming galaxies (199 spectra which have been summarised in Table 5 ). As mentioned above we have also checked these spectra for the presence of WR signatures. We will return to a detailed discussion of this in section 5 but will use the result of this classification in the following plots.
PHYSICAL PROPERTIES OF THE SAMPLE
While the majority of the galaxies in our sample have some physical parameters in the MPA-JHU value added catalogues 3 , our galaxies are sufficiently extreme that we need to rederive some properties and add some physical parameters to what is in the MPA-JHU catalogue. For the calculation of physical parameters we will adopt the Bayesian methodology outlined by Ka03 and B04. For each model we calculate the probability of that model given the data assuming Gaussian noise and obtain the Probability Distribution Function (PDF) of every parameter of interest by marginalisation over all other parameters (see Appendix A). We take the median value of each PDF to be the best estimate of a given parameter.
Mass measurements
The standard SDSS pipeline often segment nearby actively star-forming galaxies incorrectly, thus we need to redo the photometry of our galaxies. We do this using the Graphical Astronomy and Image Analysis Tools (GAIA 4 ). Most of our galaxies have strong emission lines within some of the broad-band filters. Prior to fitting we therefore correct the magnitudes for emission line contributions by assuming that the relative contribution of the lines found in the SDSS fiber spectra is applicable to the galaxy as a whole. As most galaxies in our sample appear to have a uniformly blue colour, presumably due to active star formation, we expect this to be a reasonable assumption.
Stellar masses are calculated as outlined above, by fitting a large grid of stochastic models to the SDSS u, g, r, i, z band photometry. The grid contains pre-calculated spectra for a set of 100,000 different star formation histories using the BC03 population synthesis models, following the precepts of (Gallazzi et al. 2005 (Gallazzi et al. , 2008 ).
Strongly star forming galaxies in the local Universe with nebular He II 4686 emission 7 Figure 6 . The contours show the mass-metallicity relation for SDSS galaxies (Tremonti et al. 2004 ). The present sample of starforming galaxies with WR features is shown by blue circles, while the red triangles show the locations of those that do not show WR features. At low mass we see that our sample is offset from the rest bulk of the of SDSS but overall they sample much the same region.
Emission line derived parameters
We use the CL01 model to analyse the emission lines in our sample. We adopt a constant star formation history (SFH) and use the same grid used by B04 (see Appendix A and B04 for further details). In total the model grid used for the fits have 2 × 10 5 different models. The main quantity of interest for the present discussion is the oxygen abundance, quantified as 12 + log O/H. As there are significant differences between methods for estimating oxygen abundance (Kewley & Ellison 2008) , we have complemented the estimate from the CL01 method with two independent methods: Firstly, we estimate gasphase oxygen abundances with the empirically calibrated estimators proposed by PP04. They used the line ratios of [O iii] λ5007/Hβ/[N ii] λ6584/Hα, the O3N2 method, and [N ii] λ6584/Hα, the N2 method, as abundance indicators. For all objects with detected [O iii] λ4363 with S/N > 3, we also use the Te method, or direct method, using the fitting formulae provided by Figure 5 compares different abundance indicators in the He ii λ4686/Hβ flux ratio versus oxygen abundance plane. The oxygen abundances derived using the direct method are shown by black circles while those derived from the fit to the CL01 model are shown by red circles, the blue squares show O3N2 oxygen abundances. The main conclusion we can draw from this comparison is that all methods agree well at low metallicity while at high metallicity the trends are similar but the O3N2 estimator reaches a lower maximum O/H. For concreteness we will adopt the CL01 estimates for the Figure 7 . This figure shows the logarithm of the ratio of the model prediction for He ii λ4686/Hβ to the observed ratio as a function of oxygen abundance. Red triangles show the ratio for objects without WR features. It is clear that there is good agreement in the range 8.4 < 12 + log O/H < 8.8, but at lower metallicity, the discrepancy between model and observations can be up to and order of magnitude. At higher than solar metallicity where an AGN contribution to the He ii λ4686 flux is more likely we see that model also fail to predict the same ratio as the observed value.
remainder of the paper but as our main focus will be on the low metallicity region, our results are robust to the estimator chosen. Figure 6 shows the mass-metallicity relation for the sample compared to the mass-metallicity relation for all star-forming SDSS galaxies (Tremonti et al. 2004) shown as a contour. The sample galaxies with WR features in the spectra are shown as blue circles, while those that do not show WR features are plotted as red triangles, we will use the same symbols in the following. Overall there is a reasonable agreement with the main SDSS sample except for an offset towards slightly lower metallicity at a fixed mass at low masses.
MODEL PREDICTIONS
In the previous section we carried out an empirical analysis of the properties of star-forming galaxies in the SDSS which show strong nebular He iiλ4686 emission in their integrated spectra. Now we will build on the preceding to explore whether current stellar models can be used to explain the He iiλ4686 emission seen in the spectra of these galaxies. We start by predicting nebular He ii λ4686 emission for galaxies in our sample with the CL01 model. Then we change the stellar population model and explore the effect of changing the model on the predicted He ii λ4686 line flux.
CL01 predictions for nebular He II emission
We follow the same procedure as in the calculation of PDFs for the galaxy parameters in the previous section and calculate the likelihood of the model for each object in our Figure 8 . This figure shows the spectral energy distribution (SED) of an instantaneous burst calculated with Starburst99. Each panel corresponds to one metallicity and shows the SED for a range of ages as indicated. Note that the appearance of WR stars 4 Myr after the burst results in a much harder UV continuum. After 5-6 Myr the WR stars disappear and the UV continuum rapidly fades. Also note that in these models, the lowest metallicity SED does not show a significant WR phase.
sample by fitting the CL01 grid of models to the five im-
We now want to see whether the models that reproduce the main strong lines in the optical spectrum also reproduce the He ii λ4686 emission line strength. We build the likelihood distribution of He ii λ4686 flux for each galaxy in the same way as before by weighting the He ii λ4686 flux in each model by the probability of that model. We take the median of the likelihood distribution as a prediction for nebular He ii λ4686 emission and the associated confidence interval to be the 16th-84th percentile range. We follow the same approach to estimate the He ii λ4686/Hβ ratio.
In Figure 7 we show the logarithm of the ratio of this model prediction for He ii λ4686/Hβ to the observed He ii λ4686/Hβ ratio as a function of oxygen abundance. It is clear that there is acceptable agreement between the model predictions and the observations in the range 8.4 < 12+log O/H < 8.8, but a model that can reproduce most the strong lines in the spectrum well, predicts up to one order of magnitude lower He ii λ4686/Hβ ratio than the observed value for some objects at lower metallicities. We also see a deviation at high metallicity -in this regime an AGN contribution to the He ii line flux is more likely, both because the galaxies are more massive, and also because the star formation-AGN separation is more gradual in this regime. We will not discuss this mismatch further here.
The population synthesis model used in the CL01 models approximate the WR emission as black bodies at their effective temperature, note in passing that this is not the case in the current BC03 models. This will overestimate the hardness of the ionizing spectra compared to models that consider more sophisticated WR atmosphere models such as e.g. Starburst99 (Leitherer et al. 1999 ) and BPASS (Eldridge et al. 2008) . Given the relatively simple treatment of the WR phases in the CL01 models, one might be concerned that the failure to match the data is due to an inherent weakness of the models. In the following we therefore look at the effect of different stellar evolution and atmosphere models on the prediction of He ii λ4686 emission line strengths.
Starburst99 predictions
To better understand the origin of the He ii λ4686 emission and its dependence on the stellar models adopted, we We can see although models with constant star formation form WR stars continuously after 4 Myr, the overall shape of the UV continuum is softer than in the instantaneous burst models because the continuous formation of luminous O stars softens the extreme UV spectrum for a fixed rate of hydrogen ionizing photons.
use the latest version (6.0) of the spectral synthesis code Starburst99 (Stb99, Leitherer et al. 1999 Leitherer et al. , 2010 to calculate spectral energy distributions (SEDs) predictions for a range of ages and metal abundances. We calculate models with an instantaneous burst and a constant star formation history with a Kroupa IMF. We have explored a range of stellar evolution models but the differences are small so we only show the results of one model. For this we adopt the Padova AGB evolutionary tracks combined with Pauldrach/Hillier atmospheres (Smith et al. 2002) , Stb99 uses O star model spectra from Pauldrach et al. (2001) and WR model spectra from the code of Hillier & Miller (1998) . The models include stellar and nebular continuum. We create models with different metallicities (0.0004, 0.004, 0.008, 0.02, 0.05), where the reference solar metallicity is Z⊙ = 0.02 (Anders & Grevesse 1989 ). We do not consider dust and run the models up to 100 Myr with time-steps of 10 5 years. Figure 8 shows the resulting SEDs for an instantaneous burst with a range of metallicities. Each panel corresponds to one metallicity as indicated and shows the time of the SED for six burst ages. The plots show clearly that the appearance of WR stars, 4 Myr after the burst, results in a harder UV continuum shortwards of the He + ionizing edge at 228Å. After ∼ 5 Myr the WR stars disappear and the UV continuum becomes softer. This is in good agreement with the discussion in Schaerer & Vacca (1998, see their Figure 9 ), which is natural as those models lie at core of the WR modeling in Stb99. Figure 9 compares the SEDs of an instantaneous burst (solid line) with that of a continuous star formation model (dotted line). The SEDs have been normalised at 912Å, so have the same amount of hydrogen ionizing photons. The continuous star formation models form WR stars continuously after 3 Myr, but the overall shape of the UV continuum is softer than for instantaneous burst models because of the continuous formation of luminous O stars which dilute the SED for a given total mass.
To calculate the emission lines, we use the UV continuum generated by the Stb99 models as an input to the photoionization code Cloudy (version c08, Ferland et al. 1998) . For each time step, ionization bounded models are calculated by varying the ionization parameter log U = −2, −3, −4, where for consistency with the CL01 models we calculate the ionization parameter at the edge of the Strömgren sphere, and a constant hydrogen density Strongly star forming galaxies in the local Universe with nebular He II 4686 emission 11 of log nH/cm −3 = 2.5. This range in ionization parameter spans the range found by Stasińska & Leitherer (1996) in their analysis of intensely star-forming galaxies (approximately −3.5 < log U < −2.5). Figure 10 shows the calculated He ii λ4686/Hβ ratio versus [N ii] λ6584/Hα for different metallicities and different ionization parameters in the left panel and different burst ages in the right panel. The triangles along each model line correspond to the metallicities (0.02, 0.2, 0.4, 1) Z⊙ in the left panel and to ages of 3, 4, 5, and 6 Myr in the right panel. In the left panel we fix the the age to 4 Myr, and in the right we set log U = −2. The galaxies in our sample are shown as filled purple circles. From these plots we can see how the He ii λ4686/Hβ ratio depends on age, metallicity and ionization parameter. The lowest metallicity considered in this work is Z = 0.02 Z⊙ and for this metallicity there is a strong discrepancy between the model predictions and the observed data but predictions for other metallicities at 4 Myr agree well with the observed He ii λ4686/Hβ ratios. The models can predict the He ii λ4686 emission line ratio, but only for instantaneous bursts with metallicity of 20% solar and above, and only for ages of ∼ 4 − 5 Myr, the period when the extremeultraviolet continuum is dominated by emission from WR stars. For burst ages younger than 4 Myr and older than 6 Myr, and for models with a continuous star formation (not shown here), the softer ionizing continuum results in an emission spectrum that has too weak He ii lines to be consistent with the observational data.
The effect of binary evolution on the He II 4686 emission
The Stb99 models consider single-star evolution only, but it is well-known that massive stars are frequently found in binaries and higher order systems which can have a major effect on the evolution of massive stars. To explore this possibility we compare the observed He ii λ4686/Hβ ratio to the prediction of the Binary Population and Spectral Synthesis (BPASS, Eldridge et al 2008 Eldridge et al , 2009 model. The BPASS code includes a careful treatment of the effect of binary evolution on massive short lived stars, and Eldridge et al found that including massive binary evolution in the stellar population leads to WR stars forming over a wider range of ages up to 10 Myr which increases the UV flux at later times. In Figure 11 and Figure 12 we show the observed He iiλ4686/Hβ ratio in comparison with their instantaneous burst binary and single-star population models, respectively. Each panel shows four different metallicities (0.05, 0.2, 0.4,1)
Z⊙. The grey dashed-dotted line shows the N2 PP04 metallicity calibration for 12 + log O/H = 8.2. We should note that the lowest metallicity in these plots is a factor of 2.5 higher than that of Stb99 (0.02 Z⊙). We get the highest value for the He ii λ4686/Hβ ratio at 3 Myr and the period with elevated He ii λ4686/Hβ lasts longer. Comparing Figure 11 and Figure 12 , there is not a striking difference in the predicted peak ratio for He ii λ4686/Hβ between single-star and binary population models but clearly the binary model predict an elevated ratio for a longer period of time than the single-star models.
THE ORIGIN OF NEBULAR HE II 4686 EMISSION
The preceding discussion makes it clear that in standard models for stellar evolution, only during the phases where the ionizing spectrum is dominated by WR stars will we see strong He ii λ4686 emission. This was already pointed out by Schaerer (1996) and our results are in good agreement with that work as well as a number of other previous works (Schaerer & Vacca 1998; Guseva et al. 2000; Thuan & Izotov 2005) . What has been less studied is the direct test of this prediction, namely to ask whether WR features are seen whenever He ii λ4686 is observed. Kehrig et. al (2011) and Neugent & Massey (2011) have recently studied individual star forming regions with He ii λ4686 emission in the Local Group and have shown that while most He ii -emitting regions also show evidence of WR stars, not all do. In more distant galaxies, previous efforts have primarily looked at He ii emission in samples selected for other purposes. As an example, B08 looked at He ii galaxies in SDSS DR6 and studied whether they showed WR features, but their sample selection was not optimised for finding galaxies with He ii λ4686 emission. The excellent analysis of Thuan & Izotov (2005) is another example, where the focus was on BCD galaxies. Since the present sample is selected purely on the presence of He ii λ4686, we can carry out this study with more reliability but we need to check for WR features in the spectra of our galaxies.
The presence of WR stars can be recognised via the WR bumps around λ4650Å(blue bump) and λ5808Å(red bump). The former is a blend of He ii λ4686 and several metal lines while the latter is caused by Civλ5801 − 12 (see Crowther ARA&A review (2007) , B08 and references therein). We have therefore inspected the spectra in our starforming sample following the methodology described in B08 (see Table 3 ). Each spectrum is assigned a classification of 0 (no WR), 1 (possible WR), 2 (very probable WR), or 3 (certain WR). We will consider any spectrum with class 1, 2 or 3 to show WR features. To check the reliability of these classifications we can check whether duplicate observations of the same object are given the same classification. There are four sets of duplicate observations (0417-51821-513 Class 2, 0418-51817-302 Class 3, 0418-51884-319 Class 2), (0455-51909-073 Class 0, 0456-51910-306 Class 0), (0266-51602-089 Class 1, 0266-51630-100 Class 0) and (0308-51662-081 Class 3, 0920-52411-575 Class 3). Only for 0266-51602-089 and 0266-51630-100 is there uncertainty whether spectrum show evidence of WR features or not -we choose to keep the original classifications. This is in agreement with, but somewhat better than what we find for the full sample of WR galaxies from the B08 sample where the RMS classification uncertainty from duplicates is 0.4 classes without any apparent dependence on the median S/N of the spectra down to S/N∼ 10; at lower S/N we do not have sufficient numbers of duplicate observations to make a statement. In total we find that 116 of objects show WR features.
To check whether the non-detection of WR features is due to a low S/N, we have created stacked spectra of galaxies with and without WR features. The result of this exercise is shown in in Figure 13 . The black line is the stack of spectra that show WR features while in red we show the stack of non-WR galaxies. We see no sign of WR features in the stack, further supporting the notion that this class of objects show no signs of WR features.
We now turn to explore whether there are physical differences in the galaxies showing WR features or not. Figure  14 shows the ratio of He ii λ4686/Hβ versus oxygen abundance for galaxies with (blue circles) and without WR features (triangles). The symbols for the non-WR galaxies, here and in the following, are coloured red for 12+log O/H < 8.2, and orange otherwise. At oxygen abundances lower than 8.2 we see there is a trend of increasing He ii λ4686/Hβ ratio towards lower metallicities. We interpret this as being due to a harder ionizing continuum at lower metallicities (e.g. Thuan & Izotov 2005 , and references therein). We also see a trend of increasing He ii λ4686/Hβ towards higher metallicity for 12 + log O/H > 8.7. It is less clear what causes this, but since these are more massive systems with higher star formation rates and with stronger stellar winds due to their higher metallicity, it is likely that what we are seeing is due to an increased contribution of shocks and/or a low-level AGN contamination.
Another striking result is that for 12 + log O/H > 8.2, essentially all He ii -emitting galaxies show WR features, in agreement with what one would expect from the models discussed in the previous section. At high metallicity there appear to be some systems that show a high He ii λ4686/Hβ ratios but no sign of WR stars. Since these are more massive systems, and fall intermediate between the SF and AGN groups in the He ii λ4686/Hβ versus [N ii] λ6584/Hα diagram, we interpret this as a likely sign of a low-level AGN contribution.
In Figure 15 we show the fraction of galaxies that show WR features as a function of metallicity. To calculate this we draw a number of random realisations of the data using the uncertainty estimates on the oxygen abundance to draw a random realisation. We also draw a random realisation of the WR classification assuming a random uncertainty in the classification of 0.4 as determined from the analysis of duplicate spectra as discussed above. We carry out 101 random realisations for each of the 101 bootstrap repetitions and calculate the median fraction of galaxies showing WR features in each metallicity bin as well as the 16%-84% scatter around the median which is shown by the error bars in Figure 15 . What is clear is that there is a transition at around an oxygen abundance of 12 + log O/H ≈ 8.2 ± 0.1. The uncertainty of 0.1 dex encapsulates the fact that the exact value of this transition abundance depends somewhat on the metallicity calibration adopted and 0.1 dex corresponds Figure 13 . This plot shows a comparison between two stacked spectra of galaxies with He ii emission. The black spectrum shows the result of stacking the spectra of all galaxies in our sample that show WR features. In this case we can clearly see the blue WR bump (gray shaded region). The red spectrum shows the result of stacking the spectra of all galaxies that show no WR features. Despite the increase in S/N we see no sign of WR features, strengthening our claim that this class of galaxies show no signs of WR features.
to the scatter found when using the different calibrations discussed earlier.
As we showed in earlier, e.g. Figure 10 , the He iiλ4686/Hβ ratio depends strongly on the age of the starbursts so it is reasonable to ask whether the systems without WR features are systematically younger or older than the systems that show WR features. In Figure 16 we test this by plotting the He ii λ4686/Hβ ratio versus EW(Hβ) for the sample, where we take the EW(Hβ) as a proxy for starburst age. We show galaxies with WR features by black and blue circles at high and low metallicities, respectively. Galaxies without WR features are as before shown by orange and red triangles at high and low metallicities. We see the He ii λ4686/Hβ ratios decrease with EW(Hβ) for both WR and non-WR objects. However, galaxies without WR features show higher ratios than galaxies with WR feature for the same EW(Hβ), especially at lower EW(Hβ). Alternatively one might say that at a fixed He ii λ4686/Hβ the systems without WR features have a higher EW(Hβ), or with our assumption, a younger starburst. It is not possible with our data to disentangle these two possibilities. The points show the median fraction in each abundance bin and the error bars the 16%-84% scatter around the median (see text for details). While essentially all high-metallicity star-forming galaxies with He iiλ4686 nebular emission show WR features, this fraction drops rapidly at metallicities below 12 + log O/H ≈ 8.2. Figure 16 . This plot shows the dependence of the He iiλ4686/Hβ ratio on the EW(Hβ) and metallicity. We show galaxies with WR features by black and blue circles at high and low metallicities, respectively. Galaxies without WR feature are shown by orange and red triangles at high and low metallicities. We see the He ii λ4686/Hβ ratios decrease with EW(Hβ) for both WR and non-WR objects. However, galaxies without WR features show higher ratios than galaxies with WR feature for the same EW(Hβ), especially at lower EW(Hβ)s, alternatively one could read this to say that they have a high EW(Hβ) (young age) for a given He ii λ4686/Hβ ratio.
WHY ARE THERE GALAXIES WITH HE II 468EMISSION BUT NO WR FEATURES?
The models that we discussed previously agree that WR stars are the source of the hard ionizing photons necessary to produce the He ii λ4686 emission. It is therefore a puzzle why some of the galaxies with nebular He ii λ4686 emission do not show stellar WR features. This lack of WR features has been pointed out before (e.g Thuan & Izotov 2005 ), but this is the first time a clear trend with metallicity appears. In this section we therefore turn to discuss some possible reasons for this lack of WR features.
Differences in the S/N of the spectra
To detect the WR features we need fairly high S/N in the continuum as they are broad and weak features. In the top panel in Figure 17 we show the relationship between the equivalent width of the WR blue bump and the median S/N in the continuum for WR galaxies in SDSS DR7. We see that a S/N of 10 is sufficient to detect even very weak features. The distribution of the S/N for WR and non-WR objects in the sample versus their metallicities in the bottom panel shows that 20 out of 70 of the non-WR galaxies at 12 + log O/H < 8.2 have S/N less than 10. Since the total number of galaxies at 12 + log O/H < 8.2 is 115, if all the 20 low S/N galaxies are assumed to have WR features this brings the fraction of galaxies with WR features in this metallicity range from 30% to 43%. Thus low S/N could cause us to underestimate the WR fraction by at most ∼ 15%. But the fact that the co-added spectrum in Figure 13 which has a higher S/N shows no WR features is suggestive that S/N might not be the problem for non-detection of WR features. Furthermore even adding 15% would still mean that less than half He ii emitters at low metallicity would show WR features. We also studied the difference in WR classification of duplicate observations as a function S/N and as remarked earlier, we saw no trend with S/N for more uncertain classification down to a S/N of 10. The dataset is insufficient to test this at lower S/N. Thus our conclusion is that it is unlikely that the systematic absence of WR features in low metallicity objects is due to low S/N in the spectra.
Weak lined WN stars
One possible reason for the lack of WR features in the most metal poor galaxies, is that the WR lines are too weak to be seen. It is well known (e.g. Conti et al. 1989; Crowther & Hadfield 2006 ) that WR stars in the SMC have narrower and less luminous lines than equivalent stars in the Milky Way. Crowther & Hadfield (2006) , for instance, find that He II lines in WR stars in the SMC are typically a factor of 4-5 weaker than the Milky Way and hence one would expect that in galaxies at the same distance, it would be harder to see WR features in lower metallicity systems. This is however countered by the fact that low metallicity systems on average are closer, and hence the SDSS fibre subtends a smaller physical size. Since WR emitting regions typically are small, they do not fill the 3" aperture in more distant galaxies, which means that the contrast of the WR features is being enhanced in low redshift systems. This is reflected in the fact that in the WR survey by B08, the equivalent width of the WR features in low metallicity systems (12 + Log O/H < 8.25) is slightly higher than that in metal rich objects (12 + Log O/H > 8.5), a mean of 5.1 A vs 4.1Å. Thus the increased contrast appears to approximately cancel out the decrease in line luminosity leading to a fairly constant detection potential with redshift. Thus we do not believe that this is the cause of the dearth of WR features in the low metallicity He ii emitting galaxies, at least down to 12 + log O/H ∼ 8. At very low metallicities, 12 + log O/H ∼ 7.5, Eldridge & Stanway (2009) found that in their models the WR features become very weak and if those results are correct it should be extremely hard to detect WR features in those galaxies. We do however Strongly star forming galaxies in the local Universe with nebular He II 4686 emission 15 caution that I Zw 18 has very prominent WR features (e.g. Legrand et al. 1997) , so at least some extremely metal poor galaxies do show clear WR features. Furthermore, even if we are unable to detect WR features at the very lowest metallicities, the same models predict strong WR features at 12 + log O/H > 8, thus this is not a sufficient explanation for the result in Figure 15 . 3. Shocks Thuan & Izotov (2005) studied the hard ionizing radiation in very metal poor BCD galaxies in the local Universe and concluded that fast radiative shocks could be responsible for the nebular He ii λ4686 emission. Therefore, another possibility is that there is a contribution to the He ii λ4686 from shocks in the ISM (Dopita & Sutherland 1996) . That He ii λ4686 can have some contribution from shocks is plausible, but whether it can explain the systematic lack of WR features at low metallicity is less clear.
One question is whether shock models can reproduce the line luminosity in He ii at low metallicities. Using the predictions of the Dopita et al. (2005) and Allen et al. (2008) shock models for the He ii λ4686/Hβ ratio versus [N ii] λ6584/Hα, we found that we can only obtain a ratio comparable to the observed one for objects at high metallicity. A second issue centers on the observation that shocks would most likely come from supernovae and stellar winds, but the latter are though to be weaker at low metallicities. Shocks can also be induced by outflows from starbursts (e.g. galactic winds) and mergers but only two galaxies in our sample are interacting and show a perturbed morphology and we see no clear difference between the low-and highmetallicity subsamples. 4. X-ray binaries Another candidate source for He ii ionization that has been discussed in previous studies of He ii λ4686 emitting nebulae are massive X-ray binaries (Garnett et al. 1991) . While these are likely present in many active star forming regions, the question here is why massive X-ray binaries should be more common at low metallicity. If the He + ionizing photons at low metallicities come from X-ray binaries, we would expect an increasing binary fraction with decreasing metallicity. Without a theoretical justification for this, we consider an increased abundance of X-ray binaries at low metallicity to be an unlikely explanation for the trend seen in Figure 15 . 5. post-AGB stars Binette et al. (1994) demonstrated that photoionization by post-AGB stars can produce nebular He ii λ4686 emission. After about a few 10 7 years (i.e, after massive stars disappear), the ionizing radiation comes from post-AGB stars. So, the ionization from post-AGB stars become more important in more evolved systems and this is not the case for our objects especially not for objects at low metallicities (c.f. Figure 16 ). 6. Spatial offset One possible explanation for non detection of WR features is that there could be a significant spatial separation between the WR stars and the region emitting He ii . Kehrig et. al (2008) saw indeed such a spatial separation based on integral field spectra of II Zw 70. The found that the location of the WR stars and the He ii λ4686 emission appear to be separated by ∼ 80pc. Similarly, Izotov et al. (2006b) studied two-dimensional spectra of an extremely metal-deficient BCD galaxy SBS The relationship between the equivalent width of the WR blue bump and the median S/N in the continuum for WR galaxies in SDSS DR7. We see that a S/N of 10 is sufficient to detect even very weak features. Bottom panel: The distribution of the median S/N in the continuum for WR and non-WR objects in the sample versus their oxygen abundance, we see that 20 out of 70 of the non-WR galaxies at 12 + log O/H < 8.2 have S/N less than 10. See text for more discussion.
0335-052E and showed that the He iiλ4686 emission line was also offset from the near evolved star clusters but in their case, by studying the kinematical properties of the ionized gas from the different emission lines they suggested that the hard ionizing radiation responsible for the He ii λ4686 emission was not related to the most massive youngest stars, but rather was related to fast radiative shocks.
If this offset between the WR stars and the region emitting He ii might be an explanation for our non-detections of WR features, it would mean that such a spatial separation is much more common at low metallicity which is rather surprising, since stellar winds are thought to be considerably weaker there, however low metallicity galaxies are also on average closer so the SDSS fibre subtends a smaller physical scale so a smaller volume would need to be blown out by the wind (see Figure 18 ). To get a more quantitative estimate we calculate the gravitational binding energy of a cloud with radius 1.5" (SDSS aperture radius) at the redshift of each non-WR object. We assume a hydrogen density of ∼ 50 cm −3 . The median energy require to excavate a hole of this size, is of the order of 10 55 erg for our full sample. For the lowest redshift objects the energy requirement is a much more manageable 10 49 erg and thus in these cases the absence of WR features in the spectrum could be due to a spatial offset from the He ii emitting region. At higher redshift the energetics makes this a much less likely explanation. The possibility does however warrant further examination and to test this we are undertaking a spectroscopic follow-up of a subsample of these sources. 7. Chemically homogeneous stellar evolution A final explanation could be that the stellar populations at very low metallicities can have much higher temperatures than is currently expected in models. This would be the case if some stars rotated fast enough to evolve homogeneously (Maeder 1987; Meynet & Maeder 2007; Yoon & Langer 2005; Yoon et al. 2006; Cantiello et al. 2007 ). In that case we can get a higher continuum at 228Å and correspondingly a higher He ii λ4686/Hβ ratio in comparison with nonhomogeneous stellar evolution models. An appealing aspect of this, speculative, explanation is that homogeneous evolution is predicted to be more common at low metallicity. There are however currently no studies of the nebular He ii λ4686 line in the literature. Eldridge & Stanway (2011b) looked at the effect of quasi-homogeneous evolution in their binary models and showed that including it led to strengthened WR features at low redshift, in contrast to what we need. However that still leaves the possibility open that there is a period where strong nebular He ii λ4686 is seen but no WR features as that has not yet been tested.
CONCLUSION
We have presented a sample of rare star-forming galaxies with strong nebular He ii λ4686 emission spanning a wide range in metallicity. We have derived physical parameters for these galaxies and showed that emission line models that can reproduce the strong lines in the galaxy spectra are not able to predict the observed ratio of He ii λ4686/Hβ at low metallicities. In agreement with previous studies we found that current models for single massive stars are able to reproduce the He ii λ4686/Hβ ratio in galaxies in our sample, but only for instantaneous bursts of 20% solar metallicity or higher, and only for ages of ∼ 4 − 5 Myr, the period when the extreme-ultraviolet continuum is dominated by emission from WR stars. For stars younger than 4 Myr or older than 5 Myr, and for models with a constant star-formation rate, the softer ionizing continuum results in He ii λ4686/Hβ ratios typically too low to explain our data. Including massive binary evolution in the stellar population analysis leads to WR stars occurring over a wider range in age which leads to acceptable agreement with the data at all metallicities sampled as long as WR stars are present.
However, the most notable result of our studies is that a large fraction of the galaxies in our sample do not show WR features and this fraction increases systematically with decreasing metallicity. We find that 70% of galaxies at oxygen abundances lower than 8.2 do not show WR features in their spectra. We discussed a range of different mechanism responsible for producing He ii λ4686 line apart from WR stars in these galaxies and conclude that spatial separation between WR stars and the region emitting He ii emission can be a possible explanation for non-detection of WR features in these galaxies. Moreover, if the stellar population models at very low metallicities can have much higher temperatures than is currently expected in models, as would for instance be the case if some stars rotate fast enough to evolve homogeneously, then such models might explain the origin of the He iiλ4686 line and also the metallicity trend of the He ii sample better. We will explore these possibilities in a future paper.
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APPENDIX A: FITTING MODELS TO THE EMISSION LINES
The CL01 model grid is calculated by varying the model parameters, U , ionization parameter at the edge of the Strömgren sphere, τV , total V -band optical depth, ξ, the dust-to-metal ratio of ionized gas, µ, the fraction of the total optical depth in the neutral ISM contributed by the ambient ISM, and Z, the metallicity, over a certain range for 221 unequally spaced time steps from t = 0 to t = 20Gyr (see Table 4 ). In this paper we use the interpolated model grid of various luminosities for 50 time-steps from B04. This includes a total of 2 × 10 5 different models. To fit to the data we adopt the Bayesian methodology described by Ka03. We obtain the PDF of every parameter of interest by marginalisation over all other parameters. The resulting PDF is used to estimate confidence intervals for each estimated physical parameter. We need to fit to at least five strong emission lines, [O ii] λ3727, 3729, Hβ, [O iii] λ5007, Hα, [N ii] λ6584 to get a good constraint on the parameters. We take the median value of each parameter to be the best estimate of a given parameter.
In Figure A1 we illustrate our technique by showing the effect of adding lines on the PDFs of parameters when we fit a model to the data. We start with [O ii] λ3727, 3729 and show how we get more well defined PDFs for the indicated parameters as we add the emission lines indicated on the left. We show the PDFs for dust attenuation parameter in Vband, gas phase oxygen abundance, ionization parameter, dust-to-metal ratio of ionized gas and the conversion factor from Hα and [O ii] luminosity to star formation rate (see CL01 for further details), for one object in our sample. The dust-to-metal ratio, ξ, is hard to constrain, except at high metallicity.
c 0000 RAS, MNRAS 000, 000-000 Strongly star forming galaxies in the local Universe with nebular He II 4686 emission 19 Figure A1 . We show how the PDFs for dust attenuation parameter in V -band, gas phase oxygen abundance, ionization parameter of ionized gas, dust-to-metal ratio and Hα and [O ii] efficiency factors change when we add more emission lines to the fit. ξ is hard to constrain, except at high metallicity. 
